SUMMARY Doppler carotid velocity determinations were related to hemispheric blood flow measurements by the lu Xe inhalation method in 28 patients with psychiatric disorders without arterial pathology and in 2 normal subjects. Results from 39 double determinations showed a product-moment correlation of 0.88 (p < 0.001) between right hemispheric blood flow and right internal carotid end-diastolic Telocity. The correlation for the left side was slightly lower (r = 0.83), while the common carotid end-dlastollc Telocity showed a considerably lower correlation of 0.71 (rt) and 0.69 (It) respectirely. The peak-systolic Telocity Tallies (internal carotids) showed a less close relationship to hemispheric flow (r = 0.71 (rt) and r -0.61 (It)). It is concluded that a fairly accurate (15-20% maximum error) prediction of hemispheric blood flow from Doppler internal carotid end-diastolic Telocity rallies is possible in patients without abnormalities in these arterial systems. The high correlations found, in spite of the fact that arterial diameters were not taken Into account, are further proof of tbe accuracy and validity of both methods.
INTEREST has been focused in recent years on nontraumatic methods for clinical evaluation of cerebral circulatory conditions. The
1M
Xe inhalation method for measurement of regional cerebral blood flow (rCBF) 1 " 4 has been considered by some to be of definite scientific and potential clinical value, 8 "* but has been regarded by others as a method of doubtful validity due to influence of artifacts, especially extracranial contamination."" 11 The directional Doppler technique 12 for estimation of blood velocity in extracranial portions of major cerebral arteries is another non-invasive method of great clinical usefulness, especially for detection of stenotic changes in the major arteries.'*• " Yoshida and collaborators 18 compared internal carotid Doppler velocity and flow values with rCBF results (internal carotid injection of 1M Xe) in 98 patients who had mainly cerebral arteriosclerotic disease. A fairly low correlation of 0.41 was found between the velocity and average rCBF values, while internal carotid flow (velocity X surface of section) showed a correlation coefficient of 0.77. The fairly low correlations might be explained by the fact that there was a 1-7 days interval between the 2 determinations and by the presence of collateral flow in cases of obstructive arterial stenosis. In the present study comparisons were made between simultaneous determinations of cerebral blood flow by 1M Xenon inhalation and carotid blood velocity by the directional Doppler technique in 30 subjects with normal arterial flow conditions.
A preliminary presentation of the present findings has been published elsewhere.
1 " The aim of this study was to determine whether a mean hemispheric CBF value can be estimated with reasonable precision from carotid artery velocity values.
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Material and Methods
Thirty-nine comparisons were made in 28 patients and in 2 normal male volunteers. The mean age in the group was 56 years with a SD of ± 17 and a span of 21 to 87 years. The diagnoses of the patients were: depression (11), Alzheimer's disease (7), psychoorganic syndrome (5), chronic alcoholism (3) and temporal lobe epilepsy (2). None of the patients had abnormal flow conditions in the carotid and vertebral arterial systems as evaluated by a clinical Doppler control determination (no occlusions, no accelerations, no turbulences and no reversal flow in ophthalmic arteries). Xe mixed with air (3-4 mCi/1) for one minute by means of a face mask and a rebreathing system. The one minute inhalation period was followed by 10 minutes during which the patient breathed normal air. The gamma radiation was recorded by 32 lead-shielded scintillation detectors (VA" X ¥A" Nal (Tl) crystals; Meditronic-Novo Diagnostic Systems, Denmark) placed in parallel at right angles to the lateral surfaces of the patient's head. The detectors covered both hemispheres and had lead collimators 20 mm long and an ID of 22.5 mm. The radiation from a continuous sample of the expired air was recorded by a separate detector for determination of end-tidal concentrations of lu Xe (the "air curve") and was used to correct the "head curves" for recirculation of the tracer. The pulses from the 33 detectors were integrated in binary registers (Meditronic-Novo Diagnostic Systems, Denmark) during 5 second epochs for the head curve and during 0.3125 second epochs for the air curve. The counts were punched on paper tape (Facit, Sweden) for off-line computer analysis. The results presented 400 STROKE VOL 11, No 4, JULY-AUGUST 1980 here are based on the Initial Slope Index (ISI), a cerebral blood flow parameter which is preferable in clinical applications due to its high reliability even in instances of very low cerebral flow rates. 4 The calculations included routines for correction of the head curves for scattered radiation from 1S3 Xe in air passages according to principles developed by Risberg. 17 The arterial Pco, was estimated from recordings of end-tidal C0 2 -concentrations (Beckman, LB2-analyzer).
Doppler Velocity Determinations
The Doppler examinations were made immediately after the '"Xenon clearance registrations. A onechannel directional C. W. Doppler device (A.H.S.-Delalande, 4 MegaHz) was used. First, common carotid velocity was measured with the probe facing the flow at the inferior part of the artery. The internal carotid velocity was then determined by placing the probe immediately over the level of the bifurcation with the ultrasound beam in the direction of the flow. Using these routines an optimal stability of the angle between the vessel and the beam was obtained. The velocity registrations were recorded on a potentiometer writer and the average end-diastolic and peak-systolic velocity values of the common and internal carotid arteries were measured manually. No planimetric method was used. The diameters of the arteries were not determined since a non-traumatic method was unavailable.
Results
The intercorrelations between the different velocity and mean hemispheric rCBF (ISI) variables are shown in the table. The highest correlation between ISI values and velocity is seen for internal carotid enddiastolic values on the right side (r = 0.88). This correlation is also illustrated in figure 1. The corresponding common carotid velocity parameter showed a somewhat lower correlation (r = 0.71; fig. 2 ). The correlations for the left side were slightly lower than the ones for the right side. Peak-systolic velocity values showed a less close relationship with rCBF. The correlation between right and left hemispheric values was very high for ISI (r = 0.99), high also for common A multiple regression analysis was also performed which indicated that only a very slight (r = 0.89) improvement of the prediction was obtained when other velocity values were added to the internal carotid enddiastolic values.
Discussion
Fairly high correlation coefficients were found between internal carotid velocity in the end-diastolic phase and mean hemispheric rCBF. The coefficients are considerably higher than those published by Yoshida et al." (r = 0.41). The difference might be explained by the fact that there was a 1-7 days time interval between the 2 determinations in the study by Yoshida and also by the presence of arteriosclerotic vascular pathology in many of the patients studied.
The present correlations of 0.83 and 0.88 between internal carotid diastolic velocity and mean hemispheric rCBF seem to permit an estimation of mean hemispheric flow from Doppler determinations with reasonable precision (15-20% maximal error).
Several factors might explain the residual error variance when estimating cerebral blood flow from internal carotid velocity:
1. Variations in Arterial Size. In the present study the arterial diameters were not determined and thus no arterial flows could be calculated. In the study of Yoshida et al." the internal carotid flow values (obtained by angiography) showed a considerably higher correlation to rCBF than the velocity values (r = 0.77 and 0.41 respectively). It might be assumed that similar flow calculations based on the present velocity data would have further increased the correlations obtained. However, very precise measurements of arterial diameters are not obtained by present nontraumatic techniques such as ultrasound devices.
2. Variations in Brain Weight. The rCBF determinations are expressed as perfusion of a fixed tissue mass (usually 100 g) and is thus independent of absolute brain size. The flow rate of the artery, however, is directly dependent upon the absolute flow of the organ perfused, which, naturally, is partly dependent on its weight.
3. Variations in Vertebral Flow. The velocity of the vertebral arteries was not estimated in the present study due to technical difficulties in reliably recording velocity in deeply situated arteries. This error is, however, probably of limited importance since normally only a small proportion of the cortex measured by the 1M Xe inhalation technique is supplied by the vertebral arteries.
4. Measurement Errors. The Doppler recordings must be made by a skilled technician in order not to pick up the blood flow velocity in other arteries or veins. Since velocity values are partly dependent upon the angle between the ultrasound beam and the vessel, this angle must be kept as constant as possible. The variations in velocity will, however, be less than 6% if the angle between the blood velocity vector and the beam is less than 20 degrees. 18 This condition, we believed, was fulfilled in the present study. The results obtained show clearly, however, that the measurement errors for the 2 techniques are small, the most striking illustration being the very high right to left hemisphere correlations.
The finding of a slightly lower correlation on the left side might be due to chance but might also be due to a better position of the technician (always on the left side of the patient) in the right-sided determinations. In view of the limiting factors described above, the correlation coefficients obtained should be considered highly satisfactory. They showed that a fairly precise estimate of mean hemispheric blood flow on the bases of internal carotid velocity values is possible, provided no major arterial pathology is present.
